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CHAPTER I
Since the beginning of modern organic chemistry in l&2k, when Wohler
succeeded in synthesizing urea, there have been many outstanding points of
debate during its theoretical development. The most outstanding and like
wise the most familiar is the structure of benzene about which many papers
have been written even to the present time. The question of the existence
of methylene carbon is also outstanding among these points of debate.
Chemists have argued over the possibility of its existence, the
mechanisms of its supposed reactions, etc. Ixx the latter half of the
nineteenth century, and the early twentieth century, a great number of
papers were written concerning methylene carbon. These papers represent a
tremendous amount of laboratory work carried out in the hope of establishing
the existence of methylene carbon, primarily as a reaction intermediate.
A large part of this work was carried out by J. U. Mef and his students
who were able to present a great deal of experimental evidence for the exis
tence of methylene. No one, however, was able to satisfactorily prove (or
disprove) its existence.
Interest waned after the turn of the century. Reports came in peri
odically which seemed to point to the existence of methylene. lo concerted
attempt was made, however, to establish its existence until the resurgence
of interest which began a little over a decade ago.
1J. U. Kef, a) Ann., 2?0, 26? (1892). b) Aim., 280, 291
c) Ann., 2§7, 265 (18957. dTAnn., §98, 202 (1897).
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Since that time the existence of methylene, or "carbene," as it is
new called, has definitely been established, and its reactions are being
studied.
In the next chapter the writer wiH attempt to present the chemistry
of carbene, the work leading to its discovery, its proposed structure, its
proposed reaction mechanisms, the structure and mechanism favored by experi
mental evidence, and the correlation of experimental evidence for its struc
ture with the structural possibilities offered by quantum mechanical
calculations.
CHAPTER II
THE CHEMISTRY OF CAHBEHE
Preliminary developments.-The point of investigation that actually
initiated modern studies in carbene chemistry was Geuther's report on the
hydrolysis of chloroform in a solution of aqueous alcoholic potash.^ It
was suggested that the structure of chloroform was CC1-HC1, the HC1 being
removed "by the base, leaving the intermediate carbon dichloride which
further hydrolyzes to carbon monoxide.
p
The report was reinvestigated by Hine with the aim of establishing
whether or not the carbon dichloride was an intermediate in the hydrolysis of
chloroform.
The mechanism (I) first considered was
CHC1. + OH" /ast >CC1," + H2O (1)
cci3" - slCTf.. y :cci2 + ci- (2)
:CC12 0H" fast ) ;*=0 + HCO- (3)
HpO
The formation of the trichloromethyl anion is the probable course of
the reaction between chloroform and carbonyl compounds in basic media.
Sakamoto's study of deuterium exchange with chloroform (base catalyzed)
shows the reversible step (l) proceeds at a much more rapid rate than the
remaining steps (2) and (3).
The loss of a chloride ion by the trichloromethyl anion through an
2
1A. Geuther, Ann., 123, 121 (1862).
J. Hine, J. Amer. Chem. Soc, 72, 2^38 (1950)
3y. Sakamoto, J. Chem. Soc. Japan, J57, IJ.69 (1936).
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type mechanism is in keeping with the observed reactivities of the alpha-
chloro compounds of toluene (mono, di, and tri). In fact, the overall nega
tive charge probably facilitates this step. In the case of the carbon
dichloride intermediate, one can see that if this should be formed it -would







two other mechanisms are possible:
CHC1- ■ > CGI,"
H20 + CC13" slow; 1
HgO-CClg OH" fast ^
CHC13 + OH" slow











Mechanism (ill) has been eliminated on the basis of the relative
reactivity of chlorides of methane towards basic hydrolysis,
(CHD1-, CHgC^ CH3CI) the determining factor probably being the rela
tive acidities of the hydrogen atoms.
Kinetic studies of the rate of reaction of thiophenolate ions in
varying hydroxyl ion concentrations tends to support mechanism (I) or (II).
The mechanism (II) is definitely possible, but its probability is to
be questioned on the following grounds. First, the greater reactivity of
water over hydroxyl ion is highly improbable in an SKo type mechanism,
1J. HLne, J. Amer. Chem. Soc, J2, 2438 (1950).
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Second, the trichloromethyl anion, which is present in small concentration,
vould hardly be expected to be so highly reactive by the SHg mechanism to
wards the negative end of the water molecule or of the thiophenolate ion.
Third, changes in ionic strength produced no appreciable change in the value
K^/Ky where K = constant for reaction with thiophenolate ion, K = constant
for reaction with water.
Hie carbon dichlorlde mechanism, however, is consistent with the
relative order of reactivity of various reagents. If the carbon dichloride
is a highly reactive intermediate, as it might be, it would tend to react
with the reagent present in greatest concentration, namely water, being
affected (in terms of competition) only by a more highly aucleophilic
particle such as the thiophenolate ion.
The work discussed above, though strongly supporting the formation
of the carbon dichloride intermediate, does not completely eliminate the
possibility that (II) or (III) might be correct.
Hine and his co-workers conducted a second series of kinetic studies
in which the effect of the presence of various anions was determined.^
Sodium fluoride, nitrate, and perchlorate had an identical effect on the
reaction rates (concentration 0,l6K). Within experimental error, the
observed effect is believed to be due to concentration rather than the
identity of the anions. The presence of sodium chloride, bromide, and
iodide at the same concentrations, however, decreased the reaction rate.
The presence of chloride ions produces a "mass law effect" in which the
chloride ions recombine with the carbon dichloride to yield the trichloro
methyl anion, which in turn reacts with water to give chloroform:
1J. Hine and A. M. McDowell, J. Amer. Chem. Soc, 76, 2688 (195^).
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CClp + Cl~ (excess)
CC1 " + HO "■ ) CHC1- + OH~
(A reversal of steps (2) and (l) of mechanism (i))
Bromide and iodide ions combine with carbon dichloride to form
carbanions which react with water to yield dichlorobromomethane and di-
chloroiodomethane, respectively, the latter having been isolated. The
rate constants obtained in the presence of bromide and iodide ions, in agree
ment with expectation, climb as the reaction proceeds, since the new halo-
forms arising in the reaction are more reactive than chloroform. Excellent
agreement was found between the magnitude of the decrease in the rate of
chloroform hydrolysis produced by the various halide ions (NaCl NaBr Hal)
and the neucleophilic constants of the halide ions given by Swain and Scott.
These data eliminate all alternate mechanisms which have been suggested.
Though the evidence seemed conclusive for a carbon dihalide intermediate,
more studies were made by Hine. The study of mixed haloforms in 66-2/3$
dioxane-water yielded the following order of reactivity: CHBrCIF J»CHBrCl2>?,
CHBr2Cl £CHCigI>CHBrg > CHClg, the reaction of fluoroform being too
slow to measure. The reactivity of the intermediates greatly exceeded that
expected from the SNg mechanism. Also, CHBr_, CHBrgCl, CBrClg and CHClg, are
strongly catalyzed by base in their reaction with p-thiocresolate ions. The
heats and entropies of activation were found to be in agreement with each
other, with the exception of CHBrCIF whose greater reactivity may be partly
an entropy effect.
J. Hine, A. M. McDowell, and J. E. Singley, Jr., J. Amer. Chem. Soc,
78, 479 (1956). :
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Prior to the investigations discussed above, reactions were known
which were believed to proceed by way of a methylene intermediate, particu
larly those resulting from the catalytic decomposition of diazomethane and
diazoacetic esters. It could not be definitely stated, however, Just what
the reaction mechanism was. It would be necessary for eyclopropanes to be
prepared through another method.
W. von E. Doering and his associates sought to use the nucleophilic
olefinic double bond to determine the existence of the carbon dihalides
(dihalocarbenes)-1
The dihalides were prepared by treatment of the haloforms with
potassium t-butoxide in tert-'butyl alcohol* The olefin used was cydohexene.
The reaction was assumed to proceed as follows:
CHX + KOC(CH3)
+ (CH3) COH + KX
Where X = Cl, Br.
7. von E. Doering and A. K. Hoffman, J. Amer. Chem. Soc, 76, 6l62
2Ibid.
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Ihe product C~HiqX2, contained the "bieyclo (4.1.0) heptane (norcarane)
skeleton with 7,7-dihalo substitution. Hie preparation of this cyclopropane
represented the first structural evidence for the existence of carbon di-
halides and served as a correlary to the work that had been done with the
diazo compounds.
The dichlorocarbene has also been reacted with isobutylene, 2-methyl
butene-2, hexene-1, 4-vinyl cydohexane, and the pinenes.
Structure and Mechanism
Chemical Evidence.-Once the existence of the carbon dihalide inter
mediate had been established, the question of structure was raised. The
first approach used to this matter was the chemical approach.
The stereochemistry of the carbene-olefin reaction was used to deter
mine the probable structure and the mode of addition to olefinic linkages.
It had been previously shown by Skell and Woodworth1 that the reaction
of the trichloromethyl free radical with either cis- or trans-butene-2 led
to a mixture of the cis- and trans-3-trichloromethyl-2-butyl free radicals:
H
Ho evidence for a three atom ring structure was found; the rate
constants Kc^s and &£raSiS were found to be comparable (K /Kj. = 2.4), the
implication being that the rate of rotation about the Co-C_ bond must be
greater than the rate of reaction of these radicals with bromotrichloromethene.
Tae reaction of the haloforms with olefins can proceed through three
types of intermediates; the *CX_ free radical or more than likely through
^•P. S. Skell and R. C. Woodworth, J. Amer. Chem. Soc, £7, 4638 (1955).
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the carbon dihalide intermediate which can have one of these two structures




triplet covalent singlet covalent
state state
The reaction of dibromacarbene with cis- and trans- 2-butenes was
studied by Skell and Garner1 with the intention of determining the mechanism
of the carbene-olefin reaction. The infrared studies showed two facts:
(1) no isomerism had taken place in the unreacted portions and (2) the two
products were distinctly different, indicating an isomeric purity of 99$,
this being in keeping with that of the starting olefins.
This tended to rule out a free radical mechanism involving 1:1 addition
with subsequent dehalogenation, which would result in a mixture of cis- and
trans- Isomers with some olefin production.
The addition of :CBro , followed by ring closure and elimination of
Br~, might be worth considering in the light of reports of the addition of
unactivated olefins to sodium alkyls and to aluminum alkyIs.J However, the
second step of the reaction would involve a carbanion (l) which could equili
brate between diastereomeric forms. This would lead one to expect the
products to represent a mixture of both the cis- and trans-2-butenes:
1
P. S. Skell and A. Y. Garner, J. Amer. Chem. Soc, 78, 3^09 (1956).
2
H. Pines, J. A. Veseley, and V. N. Ipatreef, J. Amer. Chem. Soc,
21> 55^ (1955).


















The stereospecificity of the reaction would require a rate of SNp
ring closure and elimination 100 times greater than the rate of equilibration
of (i), which is improbable for a reaction of this type.
Finally, if the rate of inversion of the trivalent carbon equals
approximately the rate of inversion of ammonia, and if one may further as
sume the rate of rotation about the C2-C-, bond by using the Transition State
Theory rate equation, assignment of the following values will enable us to
determine the probable feasibility of this mechanism.
The values are as follows:
Entropy of Activation . +2.38(Sfree rotor - Shindered rotor)
Heat of Activation = Barrier to Rotation
(8Kcal/mol for neopentane)
(3Kcal/mol for ethane)
The rates necessary for inversion and rotation are 5 x 10 sec"
and 10 - 5 x 1012 sec"1, respectively, requiring that that step have a rate
constant of 1010 sec"1 if inversion is to occur (&H = ij-Kcal/mol ifAs =0).
This is a highly improbable rate for this type of reaction.
Thus far, mechanisms involving "CBr and :CBro have been eliminated,
leaving :CBr2 intermediates for consideration.
Reversible association resulting in biradical formation lends itself







The particle (II), if reasonably stable, would be expected to undergo
equilibration between the diastereomeric radicals much as the radical ob
tained from *CBro and the ion obtained from :CBr -. Its half-life would
-10 -13
have to be less than 10 to 10 sec.
Further support for the disqualification of the biradical structure
is found in recent studies of diphenylmethylene by Skell and his co-workers.
The diphenylmethylene (obtained by the photolysis of diphenyldiazomethane)
exhibits radical properties, and is non-stereospeeific in its addition to
cis- and trans-2-butenes, leading to the assignment of the following struc
ture for diphenylmethylene!
the two electrons hating parallel and like spins.
The remaining alternative is simultaneous bonding of :CBr with
both carbon atoms.
(III)
■^P. S. Skell, R. M. Etter, and H. S. Skovronek, Paper #67, Abstract
of Papers, Organic Division; 135th national Meeting, American Chemical
Society, Boston, April 5-10, 1959*
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This conclusion has been further supported by the work of Doerlng and
LaFlamme who report that the dlbromocarbene and methylene have been found
to add cis- to cis- and trans-2-butenes, undergoing no cis- trans isomerism.
2
Skell and his co-workers went further in that comparative studies were
made to determine the relative rates of olefin reaction with :CBrg and *CClo.
If the biradical structure were correct, the order of reactivity would be
expected to be the same. However, no correlation was found to exist between
:CBr2 and :CClo, thus, eliminating the biradical structure and leaving (II)
as the most likely representation:
If such is the case, then there should be some correlation of the
determined order of reactivity with that of other three-center-type associa
tions of the following type:
Bromination and epoxidation with peracetic and perbenzoic acids are
considered in this class. The available data shows a striking similarity
among all three reactions but particularly between carbene and bromine. The
three reactions have the common feature of addition of a 2-electron deficient
agent to the olefin.
"w. von E. Doering and P. LaFlamme, J. Amer. Chem. Soc, 78, Jkk7 (1956).
P. S. SkeU and A. Y. Garner, J. Amer. Chem. Soc, 78, 5^32 (1956).
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TABLE 1



































for *CC1 = ii-00
3
for :CBr = 1
Ik
TABLE 2


















































aP. S. Skell and A. Y. Garner, J. Amer. Chem. Soc, J_8, 5^31 (1956).
Propylene.
Cl-Pentene.
The cyclic olefin displacement may be attributable to a difference
in strain energy introduced in the fusion of bicyclic systems with cyclo
propane and oxirane rings.
It might be noted at this time that the dibromocarbene exhibits a
greater olefin-discriminating character than bromine.
The evidence cited favors the singlet configuration, since the triplet
condition for dibromocarbene should lead to the formation of (II). Thus,
the carbenes may be described as compounds with planar carbonium ion
15
configuration in which two electrons fin one orbital leaving one orbital
unoccupied.
In dibromocarbene, the overlapping of the vacant p-orbital with the
fined p-orbltals of the bromine atoms may make substantial contributions




The consensus of opinion is that only when a 2-electron deficient
species adds to olefins is a stereospecific addition obtained through sim
ultaneous bonding to both atoms of the unsaturated linkages. In keeping
with this, the fonowing sequence of steps would seem to represent the
mechanism of the reaction:
' :C—Br
)/Br Br Br Br
X
Though the evidence presented would seem to be conclusive, the
presence of bromine atoms in the vicinity of the two electrons (non-bonding)
caused some uncertainty which was removed by Skell and Woodworth in their
study of methylene.
The reactions of :CEU with the cis- and trans-2-butenes was found
to proceed as follows:














Since the rate of ring formation far exceeds the rate of rotation
around the C2-C0 bond as shown by the absence of isomerism, quantum mechan
ics precludes a structure for :CHg with electrons of parallel but opposite
spin. The inclination is toward structures (IV) for carbene and (V) for
dibromocarbene:
(IV) (V)
The structures above represent planar molecules having sp^ hybridiza
tion and a vacant p-orbital. This, it will be seen, is consistent with
spectroscopic evidence and quantum mechanical calculations.
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Other carbene intermediates have been detected by the criterion of
stereospecific addition. Production of carbethoxycarbene in the presence








Let us also note here the tendency of methylene to attach C-H bonds.
(Kb C-C bonds have been reported as being attacked.) Studies by Doering
and his co-workers show that there is no discrimination among alkyl, vinyl,






Hartzler has postulated a carbene intermediate for the synthesis of
3
alkenylidenecyclopropanes from t-acetylenic chlorides. Further studies
are being made to determine the reactivity of this intermediate as com
pared with :CBr2, :CC1, and :CHCOOE .
T/. von E. Doering, et al., J. Amer. Chem. Soc, J8, 322^ (1956).
H. D. Hartzler, J. Amer. Chem. Soc, 8l, 2024 (1959)
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P
CHr—C-CSCH + ":OC(CH3)- ^ CHj-*C Q=C:" + HOC(CH3)
Cl
P
3Ho—C—CSC: *—> CH-—C—C=CS + Cl




Another method for the direct synthesis of unsubstituted cyclo-
propanes has been reported by Simmons and Smith. The products formed
were found to have undergone no stereo isomerism. Likewise, the reaction
intermediate was found to be olefin-discriminating.
The equation for the overall reaction is:
+ Zn(Cu) "^ —^C—■ ""p~_+ Znlrt + Cu
(couple) \jT
The presence of iodomethyl zinc iodide in the ethereal has been re-
p
ported giving rise to the postulate that the TT -bond of the olefin displaces
the iodine and the mono-iodozinc to form a cyclopropane and zinc iodide:




second possibility is the spontaneous elimination of zinc iodide
to form a low energy methylene similar in reactivity to the dihalocarbenes
described by Hoffman and Doering.
CHglg + Zn(Cu) > :CH + Znl2 + (Cu)
The second mechanism has been given some support by reports that the
cis- and trans-2-butenes react to give the corresponding cis- and trans-2>
3-dimethylcyclopropanes, which have been found to be contaminated by the
corresponding cis- and trans-2-methyl-2-butenes,2 indicating a competitive
reaction similar to that reported for the reaction of diazomethane with the
2«butenes.
It is significant to note that the carbenes have been employed as
synthetic tools. McElvain and Weyna have used dichlorocarbene and phenyl-
chlorocarbene in the preparation of oyclopropanone ketals from ketene
acetals. Ths phenylchlorocarbene vas generated by the treatment of benzal
chloride with sodium t-butoxide:^
^W. von E. Doering and A. K . Hoffman, ap_. cit., p. 6l62.
a.. E. Simmons and R. D. Smith, op_. cit., p. 532^.
S. Skell and R. C. Woodworth, J. Amer. Chem. Soc, 78, kh$6 (1956).
S. M. McElvain and P. L. Weyna, J. Amer. Chem. Soc, 8l, 2579 (1959).
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+ ":OC(CH3)3 »




Where X - Cl,
There has been an extension of the studies of the carbene-olefin
reactions into the area of 1-3 conjugated diolefins, i.e., the butadienes.
Woodworth and Skell have studied the reaction of the dibromo-and dichloro-
carbenes with butadiene 1,3, chlorobutadiene-1,3. The possible products
were either l|-,lj-dihalocyclopentenes, from 1,4-addition (VI) or the 1,1-dihalo-
2-vinyl cyclopropanes from 1,2-addition (VU), 1,2-addition having been




Ozonolysis of the l,U-addition product would yield a dialdehyde, which
upon peroxide oxidation would be converted to a dicarboxyllc acid. If the
mode of addition were 1,2, the resulting acid obtained by the procedure
^R. C. Woodworth and P. S. Skell, J. Amer. Chem. Soc, 79* 25^2 (1957).
2Ibid.
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outlined above would "be a monocarboxylie acid. After analysis and the
taking of neutralization equivalents, the following results were obtained:
Butadiene and dichlorocarbene yielded 2,2-dichlorocyclopropane carboxylic







Where X = Cl, Br.
MLslow and Kellman have postulated that the heterolytic addition of
bromine and chlorine to butadiene proceeds through a frontal halonium ion
that would lead ultimately to cis-1, 4-dihalo-2-butenes:
Br
However, these products have been shown to be trans, leading to the
conclusion that the intermediate structure is probably:
The electrophilic nature of the carbene intermediate and the stereo-
chemical evidence for a singlet state (no unpaired electrons) lead to the
K. MLslow and H. M. Hellman, J. Amer. Chem. Soc, 73, 2^4 (1951).
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conclusion that carbenes may be considered as sp hybridized species which
by nature of its vacant p-orbital exhibit predominantly electrophilic be
havior :
(VIH) (Same as (VI))
On the basis of this postulate, one would expect similar behavior
from Br+ and :CBrg towards 1,3-butadiene, the difference being that, since
there is no particle such as Br" to attach itself to the positive end of the
reaction intermediate, the intermediate formed in carbene-diene reaction
satisfies its electrophilic tendencies through bonding with the yet un
shared electrons residing on the carbon atom which was the dihalo carbene.
This can be interpreted as simultaneous bonding to both carbon atoms of the
double bond:
X
The electrophilic character of carbenes leads to the conclusion that
the nature of substituent groups in substituted dienes can affect the course
of the addition, i.e., allsyl substitutions (electron-donating) will direct
addition towards the double bond in question, while substitution with some
electron-withdrawing group would direct addition away from this double
bond. The following equations represent reactions giving partial con
firmation to this postulate:








H H H H
CgHc-C = C - C = CH
phenylbuta&iene
tGHCOOEt
H H H H
















Further confirmation of this postulate has been given by Orchin and
o
Herrick. Ihe dichloroearbene was reacted with butadiene-1,3 and 2-methyl-
butadiene-1,3.
TtiQ product from butadiene-1,3 was identical with that obtained by
Woodworth and SkeH.^ The product obtained from 2-methyl-butadiene-l,3
was shown to result from 1,2- rather than 3,^-addition:
LIbid.
2M. Orchin and E. Herrick, J. Org. Chem., 24, 139 (1959)•
% S. Skell and R. C. Woodworth, J. Amer. Chem. Soe., 79, 25^2
(1957).
H H ) 3H
HC = C - <V-/!H
c/\
2-methyl-2-vinyl-l,l-dichlorocyclopropane
Physical Evidence.-Laidler and Casey^" have presented the following
view of carbene as shown by quantum mechanical calculations and spectro-
scopic evidence:
Quantum mechanical calculations offer two distinct electronic states
for the methylene radical.
(1) It is in a singlet state in which there is resonance mainly
between the 90° covalent structure and the two single ionic states:
I f
- C*—H :C—«H C - H +
The effect of the ionic state will increase the bond angle beyond 90 degrees.
(2) It is in a triplet covalent state involving resonance between
the hybridized linear state and the two corresponding ionic states with no
ionic effect on the 180-degree bond angle.
H H +
c - •&• c -
H + H H
The fact that the triplet ionic states are lower in energy than singlet
ionic states would tend to favor the electronic state (2). However, the
TC. J. Laidler and E. J. Casey, J. Chem. Phys., 17, 213 (1949).
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experimental findings tend to support the electronic state (l).
It has "been found that the bond angle of the lowest state is
degrees. Herzberg has identified bands in the spectra of comets as aris
ing from :CH and has reproduced these lines by passing an electrodeless dis-
2 ^
charge through methane. Herman and his co-workers and Letort-* and his
associates have succeeded in producing these bands by two different pro
cesses, leaving little doubt about Herzberg's identification or about his
conclusion about the bond angle.
The fact thatthe bond angle is less than ISO degrees seems to posi
tively indicate that the molecule is in a singlet state and that the bonds
arise largely from p-orbitals of carbon with only a small contribution from
sp-hybrid orbitals.
The consideration of the ionic states when coordinated with the ex
perimental facts tend to indicate the lowest energy state would be the one
described above. The ground state, therefore, consists of pure p-orbital
bonding with very little sp-character.
Summary
The correlation of the physical and chemical evidence tends to favor
structures (IV) and (V) as adequate representations of methylene and di-
halocarbene, respectively. The vacant p-orbital seems to adequately explain
the electrophilic nature of the particle and the mechanism of its reaction
with olefinic linkages.
1G. Herzberg, Rev. Mod. Phys., 14, 195 (19^2).
2R. Herman, Comp. Rend., 223, 280
3
M. Letort, private communication to Dr. Iaidler.
CHAPTER III
DISCUSSION OP EXPERIMEKTAL RESULTS
The 1-phenyl-2-methyl butadiene-1,3 was prepared by a method strictly




H H H I H
I ' I ■ ! ' >C6H5-C=C-C=Q + C
OMgBr
CH3 CH3
H | H H 30$ H^SO, H H H
I » M * \ I I /
CgHc-C=C-Q-CH — V C^Hc-CaCsCsCH
I
This compound is of considerable interest in that one of its double
bonds is substituted with groups of opposing influence with regard to the
order of reactivity of a given olefin with one of the carbene intermediates.
Mention has been made in the preceding chapter of the possible influence of
substituent groups on the reactivity of a particular olefinic linkage.2
la conjugated systems, the phenyl group has been observed to direct






1I. Muskat and M. Hermann, J. Amer. Chem. Soc, 53, 252 (1931).
See page 22.
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The methyl group, on the other hand, tends to direct addition towards







One can readily see, therefore, that the reaction product will be an
index of the relative magnitude of influence of the phenyl group versus the
methyl group. If the influence of the phenyl group should be the dominat
ing force, the reaction of the diene under investigation with dibromocarbene
would lead to 3,k-addition. Conversely, the predominance of the influence
of the methyl group would lead to 1,2-addition. The results of the studies
of butadiene-1,3 by Woodworth and Skell show that l,k-addition would be
highly improbable for this type of reaction.1 It is expected that the
reaction of l-phenyl-2-methyl-butadiene-l,3 with dibromocarbene would lead
to the formation of product (i) or (II), with the remote possibility of a
mixture of the two.
OH3 0H3 OHj
HHH HHH HHH
1 T I 1 III I'll








TC. C. Woodworth and P. S. Skell, J. Amer« Chem. Soc», T9j 2$k2 (1957)ji
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Either of the two products would have a bromine content of 50.k8 per
cent.
The most convenient means for determining the mode of addition during
the course of the reaction would be ozonolysis. Hydrolysis of the ozonide
with water and sulfuric acid would yield from (i) benzole acid and a ketone
(ill), while the products from (II) would be formic acid and an acid (IV).












The dibromocarbene was generated by the action of potassium t-butoxide
on bromoform throughout this investigation. The initial procedure for carry
ing out the carbene-diene reaction was modified with hope of obtaining a
significantly large quantity of the reaction product. Wo procedure was used,
however, that had not been previously described in the literature.
The first approach used was that described by Skell and Garner. An
excess of base in t-butyl alcohol was run into a solution of the diene and
the haloform at 0° C in t-butyl alcohol and ligroine. The crude reaction
1P. S. Skell and A. Y. Garner, J. Amer. Chem. Soc, 78, 5^30 (1956).
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product was distilled at reduced pressure and the fraction boiling at
lkQ°/O.l mm. collected. This fraction gave a bromine analysis of 50.06
per cent. This substance was subjected to ozonolysis with subsequent
hydrolysis and yielded an acidic substance which was identified as benzole
acid. The neutral portion from ozonolysis was dissolved in ether and
treated overnight with sodium bisulfite solution, the resulting addition
compound being hydrolyzed and the oil obtained therefrom being oxidized
with hydrogen peroxide to benzoic acid. This seemed to establish the identity
of the oil as benzaldehyde. The remaining substance was a dark reddish brown
oil which was extracted with ligroine and the solvent evaporated. The resi
dual oil gave no test for a carbonyl function; i.e., no reaction was apparent
with 2,4-dinitrophenyl hydrazine, seraicarbazlde hydrochloride or hydroxyl-
amine hydrochloride.
The reaction was run a second time and ozonolysis undertaken using the
undistilled reaction mixture, the idea being to avoid any decomposition that
might occur during distillation. The results, however, were the same as
those obtained for the distilled fraction.
At this point, the second modification of the reaction procedure was
used. A slurry was prepared from the diene sample and an excess of the dry
potassium t-butoxide, all in 100 cc. of ligrsine. (This procedure had been
used by Orchin and Herrick, and was used in this investigation to eliminate
the side reaction resulting from the tendencies of the carbenes to dehydrate
alcohols and react with the resulting olefins. The bromoform was added
TI. Orchin and E. Herrick, pj>. cit.
p
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dropwise to the resulting mixture at 0° C.
Bfeleic atfaydride was used in an attempt to free the reaction mixture
of any unreacted diene. A quantity of maleic anhydride equivalent to the
starting amount of diene was dissolved in dry benzene and the crude reaction
mixture added. The resulting solution was refluxed for 2k hours. The oil
isolated from the solution was divided into two portions, a small portion
being subjected to ozonolysis and the remainder being distilled.
Ozonolysis yielded the same results as before, the only difference
being that a small quantity of the -methyl cinnamaldehyde was isolated,
indicating that there was still some unreacted diene in the reaction mixture.
Distillation of the remainder of the reaction mixture yielded a yellow>
highly-viscous oil boiling at 152°0.5 mm., n^ = 1.565%. This substance
formed a gum on cooling. The Hgroine extract of this gum was analyzed and
found to contain bromine, but the quantity present was not constant (8.5> 31«7
per cent); neither was it high enough to represent the reaction product
being sought. Analysis of the distillation residue showed a bromine content
of 2h - 28 per cent.
The third method used in this investigation is also taken from the
work of Orchin and Herrick. A. large quantity of the diene is whipped into
a slurry with an excess of the base and bromoform added dropwise at 0° C.
It was felt that the percent yield was rather low and that the quantities
previously used were too small to permit the formation of an appreciable
quantity of the cyclopropane derivative. It was attempted to separate the
reaction mixture by chromatographic absorption on a column of activated
alumina.
M. 0t • in and E. Herrick, op_. cit.
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Four chromatographic runs were made, two lay elution and two by extrusion.
The halogen in the various fractions was precipitated through the sodium
fusion method in order to determine whether or not the positive Beilsteia
tests were due to traces of bromoform or to quantities of bromine sufficient
to merit analysis.
All samples were placed on the column with ligroine. Each sample of
the reaction mixture, when taken up in ligroine, left a solid residue which
was soluble only in the more polar organic solvents (ether, methanol, glacial
acetic acid, etc.)* ^e bromine content of this residue was not sufficient
to merit analysis, and it was believed to be a polymeric substance formed
during the reaction as a result of the heat evolved during the formation of
the dibromocarbene.
Chromatographic runs I and II were carried out by elution. The battery
of solvents used during run I were as follows: Ligroine (lK)-60o), ligroine-
benzene mixtures (4:1-1 :*»•), benzene, benzene-ether mixtures, ether, ether-
methanol mixtures, methanol, and the column being eluted finally with
glacial acetic acid to remove any strongly absorbed substances.
The substances isolated from this chromatogram were bromoform, pure
diene, and a trace of some substance that was eluted by the solutions high
in benzene content. The glacial acetic acid portion yielded a small quantity
of a reddish-brown semisolid which gave a positive Beilstein test and under
went a change in physical state over the range 6O-9OP. Analysis, however,
yielded insufficient silver bromide precipitate to merit analysis.
The second liquid chromatogram was taken using essentially the same
solvents and solvent mixtures with the following modifications. The solvent
mixtures were made up over the range (3:1-1:3) and a methanol-acetic acid
series was added.
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The portions containing "benzene from both runs were combined and the
solvent removed in a vacuum. The substance Isolated was placed on a third
column, the column developed with ligroine and ligroine-benzene (3:1) and
dried. The column was then extruded and the portions treated with ether to
remove the absorbed substances. Hone of the substances thus isolated contain
ed sufficient bromine to merit analysis.
The final attempt at chromatographic separation was carried out by
using fresh activated alumina that had been heated at 200° C and cooled in a
dessicator. (The alumina used previously had been dried at 110°.) This
separation was carried out on the crude reaction mixture. The column was
developed with ligroine, benzene and ether. The eluents yielded bromoform
and pure diene, as before. The lower portion of the column yielded a sub
stance containing essentially no bromine and possibly was more of the diene.
The upper portion of the column yielded a dark brown substance which was
analyzed and found to contain 10 per cent bromine.
In a last attempt to isolate the reaction product, a small quantity of
the reaction mixture was distilled and the fraction boiling at 155-157°/O.l
mm. collected and analyzed. The bromine content was H-13 per cent. The
residue in the distilling flask was analyzed and found to contain 9.6-11.1
per cent bromine. Molecular weight determinations by the Rast method gave
values of 1^35 and 1538- This might suggest a polymer of the formula
^C12H12BK2^1 ^CllH12^8' v^-ch would h&v® a molecular weight of 1468 and a
bromine content of 10.89 per cent. This could also represent, however, a
polymer of the formula (cr]?22) * where for x = 10, the molecular weight would
be l¥tl, and for x = 11, 1586. Slight contamination by bromoform would be
sufficient to give the 10 per cent bromine analysis, the bromine content of
bromoform being 9^*85 per cent, (it should be noted that all substances
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isolated which were not pure diene tended to resinify upon standing.) The
treatment of the distillation residue with an acetone solution 5 per cent in
potassium permanganate and 5 per cent in magnesium sulfate, produced consid
erable manganese dioxide and extraction with ether of the acidified solution
gave some new substance or substances, indicating that all of the olefinic
linkages had not been destroyed. The elucidation of the nature of these sub
stances was not undertaken at this time.
The ease of elution of various classes of compounds as given by Fieser
(alkenes dienes aromatic hydrocarbons) would predict that a reaction pro
duct of the type (i) or (II) would elute possibly before, but more probably
after the unreacted diene. No compound or substance was isolated, however,
either before or after, that had the necessary characteristics (Bromine con
tent, molecular weight). This would seem to indicate that if one of the ex
pected reaction products is formed, (I or II) its existence is only transient.
Isolation of the reaction product could possibly require some modification
of approach other than those used in this investigation.
Experimental Procedure
Preparation of 1-Phenyl-2-Methyl Butadiene-1,3«-The Grignard reagent
was prepared by adding 250 gm. of methyl bromide in 500 ml. of dry absolute
ether to 65 gm. of magnesium in 200 ml. of ether. To the rapidly stirred
solution was added at 0° 1^6 gm. of -methyl cinnamaldehyde in 300 ml. of
ether. The resulting complex was hydrolyzed by pouring the ethereal solution
into 1500 gm. of 30 per cent sulfuric acid. After completion of hydrolysis,
Louis F. Fieser, "Experiments in Organic Chemistry," 3rd ed., D. C.
Heath and Co., Boston, 1957, p« 90.
the organic layer was taken up in ether, dried first over sodium sulfate,
and then over calcium chloride, for 2k hours. The solvent was then removed
in a vacuum and the resulting oil distilled at reduced pressure in 25 cc.
portions. One hundred and seven gm. of diene (75 per cent on the basis of
the cinnamaldehyde) were obtained in this fashion.
B.P. 88-9¥V0.1 mm. i^: reported; 1.5762 at 19°.1
found; 1.577 at 21°.
Preparation of Potassium t-butoxide.-An approximately 1.0 W. solution
of the "base was prepared by dissolving with frequent shaking 39-^0 gm. of
potassium cut into small pieces in 700 ml. of tert- butyl alcohol contained
in a 1-liter volumetric flask. After reaction was complete, sufficient
alcohol to give a volume of one liter was added. The dry base was prepared
by removing the solvent in a vacuum, and drying the solid cake at 100° for
12 hours.
Methods used in the attempted preparation of the di-bromocyclopropane
derivative; Sfethod A.-Quantities of diene ranging in size from 10 gm. to 28
gm. were dissolved in 100 cc. of t-butyl alcohol and 25 ml. of ligroine. A
large excess of 1.0 K. base solution was added at 0° at a rate of 50 millimoles
per hour. The stirring was continued for one hour after the completion of
this addition. The reaction mixture was worked up with ligroine and water,
the organic layer being dried over sodium sulfate. After removal of the
solvent in a vacuum, the reaction mixture was distilled at reduced pressure
to give the bromoform-diene mixture which was thought to be the reaction
product.
). Kiun-Houo, Chem. Abstr., 3|t, Ij-379^ (19^0).
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Anal., Calcd. for C^H^Brg : Br 50.U8 ^
Found: 50.57, 50.17$
Method B.-Samples of diene ranging in size from 8 gm. to 57 6». were
dissolved in sufficient ligroine to produce a mobile slurry when an excess of
the solid base was added. To this mixture cooled to 0° was added dropwise a
molar quantity of the bromoform at such a rate as to keep the temperature
of the reaction mixture below 5° C. After completion of the addition and
additional stirring for one hour, the reaction mixture was worked up as in
Method A.
Method C.-A slurry was prepared from 107 gm« ('1^3 mol.) of diene,
0.010 gm. of hydroquinone, and'113 gm. (1.05 mol.) of potassium t-butoxide,
and cooled to -5°. To the rapidly stirred mixture was added 177 gm. (.700
mol.) of bromoform over a period of two hours. The resulting mixture was
stirred for 3 hours, after which time 250 ml. of ligroine were added and
stirring continued for an additional hour. The reaction mixture was then
worked up in the usual manner.
Ozonolysis of the reaction mixtures.-Samples from Methods A and B
ranging in size from 2 gm. to 10 gm. were subjected to ozonolysis at -10°,
the ozone being generated by passing oxygen through Berthelot tubes. Ethyl
acetate, heptane, and methylene chloride were used as solvents; methylene
chloridebeing favored because of the relative ease with which it could be
removed in a vacuum. The resulting ozonide was permitted to stand under
100 ml. of water overnight. The solution was then warmed slowly until it
began to reflux. When refluxing began, 10 cc. of concentrated sulfuric acid
were added to insure complete decomposition of the ozonide. The decomposition
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products were separated into acidic and neutral portions and these portions
analyzed, (it was felt that catalytic reduction might remove the halogen
substituents. This method, therefore, was not employed.)
Attempted chemical separation by the use of maleie anhydride.—The
reaction mixture (20 grams) obtained "by method B from 19 gm. of diene was
dissolved in 250 ml. of dry benzene containing Ik gm. of maleie anhydride
and the solution refluxed for 2k hours. The "benzene solution was extracted
with 5 per cent sodium hydroxide solution and washed twice with water. After
having been dried over calcium chloride the solvent was removed in a vacuum
at k0°. The residue was a viscous oil {2k.5 gm.), 5 gm- of which were ozon
ized, the remainder being distilled.
All distillations were carried out using a 50 ml. Claisen flask, a
30 cm. water cooled condenser, and a receiving vessel having three outlet
tubes fitted with smaller receivers to permit continuous distillation.
Chromatographic separation; liquid chromatograms.-The two liquid
chromatograms were performed using a column of activated alumina 18 mm. x
50 cm. The battery of solvents used has been previously described. The
samples were taken from the reaction mixture prepared by Method C (15 gm.
for first run, 30 gm. for the second run.) The pressure of suction was 680
mm.
Separation by Extrusion.-The third run was made with the benzene solu
ble portion (7.9 gm.) from the two liquid chromatograms on a column of
activated alumina 2 cm. x ^0 cm. Development was carried out at a pressure
of 680 mm., the column being extruded into beakers for convenience in sep
aration and isolation of the various absorbates.
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The fourth run was made on a column 2 cm. x 65 cm., the sample being
20 gm. of the reaction mixture from Jfethod C. Extrusion was carried out
as in the preceding run.
Distillation of the Reaction Mixture From Method C- Fifteen ml. of
the reaction mixture was distilled i. V. from a 25 ml. distilling flask.
The fraction "boiling at 155-157°/O.l mm. was collected and analyzed. The
residue in the distilling flask was also analyzed and its molecular weight
determined.
Anal. Calcd. for (Ci2H12Br2)1 (C^H^Jg Br: 10.89$ M.W. 1^68.
Found: Br: 12.79, H.20 (distillate) Br: 9.6^, H.10;
M.W. 1^35, 1538 (residue)
Permanganate Oxidation of the distillation residue:- The distillation
residue was dissolved in 50 ml. of acetone and the resulting solution added
to 75 ml. of acetone containing 5 g®* of potassium permanganate and 5 gnu of
magnesium sulfate. The solution was allowed to stand with occasional
shaking for 30 minutes. The solution was then filtered, the color discharged
with a saturated solution of sodium bisulfite, acidified with concentrated
suLfuric acid, and extracted with ether. The ether was evaporated on a steam
bath and the residue examined.
Bromine Analyses.-The bromine analyses were carried out using the Parr
peroxide bomb method.
MoIecuLar weight determinations.-The molecular weight determinations
were made using the Hast camphor method as outlined by A* I. Vogel.
A. I. Vogel, "A Textbook of Practical Organic Chemistry," 3rd ed.
Longmans, Green and Co., Hew York, 1957, P« 1037.
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SUMM&RY
A "brief historical sketch of the chemistry of methylene carbon has
been presented. The physical and chemical evidence supporting contemporary
theory as to its structure and the mechanism of its reactions has been re
viewed.
A discussion of the investigation of the reaction of dibromocarbene
with l-phenyl-2-methyl butadiene-1,3 has been presented, the results of
that investigation being as follows:
Neither of the expected reaction produdts was successfully isolated.
A high-molecular-weight substance having a low bromine content has been
isolated and suggestions made as to its possible structure. The evidence
gathered, however, does not permit any positive conclusions as to the
nature of this substance at this time.
BIBLIOGRAPHY
Books
Fieser, L. F. Experiments in Organic Chemistry. 3rd ed. Boston:
D. C. Heath and Company, 1957*
Vogel, A. I. A Textbook of Practical Organic CheBdstry. 3rd ed. Wew
York: Longmans, Green and Company, 1957-
Periodicals
Doering, W. von E., Butterly, R. G., Laughlin, R. G., and Chaduvi, H.
"Indiscriminate Reaction of Methylene with the Carbon-Hydrogen Bond,"
Journal of the American Chemical Society, LXKVIII, 322^ (1956).
and Hoffman, A. K. "The Addition of Dichlorocarbene to
Olefins," Journal of the American Chemical Society, LXXVI, 6l62 (195*0 •
^ and La Flamme, P. "The Cis-Addition of Mbromocarbene and
Methylene to Cls- and Trans-Butene," Journal of the American Chemical
Society, LXXVIII, 5^7 (1956).
Geuther, A. "Ueber der Zersetzung des Chloroforms durck Alkoholische
Kaliiesung," Annalen Der Chemie, CXXIII, 121 (1862).
Hartzler, H. D. "Carbenes from t-Acetylene Chlorides; Synthesis of
Alkenylidenecyclopropanes." Journal of the American Chemical
Society, LXXXI, 202^ (1959).
Herman, R. "Evidence for the Presence of CH_ Molecules in Comets,"
Comptes Rendus, CCXXIII, 280, (19^6).
Herzberg, G. "Reproduction in the Laboratory of the *K)50-A Group of the
ludeus of Comets," Reviews of Modern Physics,XIV, 195* (I9te).
Hine, J. "Carbon Bichloride as an Intermediate in ttie Basic Hydrolysis
of Chloroform; Mechanism for Substitution Reaction at a Saturated
Carbon Atom," Journal of the American Chemical Society, LXXII, 2^38
(1950).
and McDowell, A. M. "Carbon Dihalides as Intermediates in
the Basic Hydrolysis of Haloforms. III. Combination of Carbon
Bichloride with Halide Ions," Journal of the American Chemical
Society, EXXVI, 2688 (195^)-
, McDowell, A. M., and Singley, John E., Jr., "Carbon Dihalides
as Intermediates in the Basic Hydrolysis of Haloforms," Journal of the
American Chemical Society, LXXVIII, Vf9 (1956).
39
_, Pollitzer, E. L.., Wagner, H. "The Dehydration of Alcohols
in the Presence of Haloforms and Alkali," Journal of the American
Chemical Society, LXXV, 5607 (1953).
Kiun-Houo, 0. "B-Ethylene Alcohols," Chemical Abstracts, XXXIV,
(19^0).
Laidler, K. J. and Casey, E. J. "The Electronic State of the Msthylene
Radical," Journal of Chemical Physics, XVII, 213 (19^9)•
MeElvain, S. M., and Weyna, P. L. "Ketene Acetals XXVII Cyclopropanone
Ketals from Ketene Acetals and Carbenes," Journal of the American
Chemical Society, LXXXI, 2579 (1959).
Mislow, K., and Hell roan, H. M. "The Stereochemistry of 1,^-Addition
I. The Chlorination of Butadiene," Journal of the American Chem
ical Society, LXXIII, 2kk (1951)
Muskat, I., and Herman, M. "Studies of Conjugated Systems VI. The
Preparation of the Geometric Isomers of Ifethyl Styryl Carbinol
and of Phenyl Butadiene," Journal of the American Chemical Society,
Lin, 252 (1931). ———
Hef, J. U. "Ueber das Zweiwerthige Kohlenstoffatom. (Erste Abhandlunge),"
Annalen der Chemie, CCLXX, 267 (1892).
"Ueber das Zweiwerthige Kohlenstoffatom. (Zweite Abhandlung.),"
Annalen der Chemie, CCDCXX, 291 (l&9k).
p__. "Ueber das Zweiwerthige Kohlenstoffatom. (Dritte Abhand-
lung.),'Die Chemie des Cyans und des Isocyans," Annalen der Chemie,
CCEXXXVIII, 265 (I895).
. "Ueber das Zweiwerthige Kohlenstoffatom (Vierte Abhandlung.)
Die Chemie des Jfethylens," Annalen der Chemie, CCLXLVIII, 202 (1897).
Orchin, M., and Herrick, E. "Reaction of Dichlorocarbenes with conjugated
Dienes," Journal of Organic Chemistry, XXIV, 139 (1959)•
Pines, H., Veseley, J.A., and Ipatieef, V. N., "Sodium-Catalyzed Reactions.
II. Side-Chain Ethylation of Alkyl Aromatic Hydrocarbons Catalyzed
by Sodium," Journal of the American Chemical Society, LXXVII, 554 (1955).
Sakamoto, Y. "Interchange Reaction between Chloroform and Water," Journal
of the Chemical Society of Japan, LVII, II69 (1936).
Simmons, H. E. and Smith, R. D. "A New Synthesis of Cyclopropanes from
Olefins," Journal of the American Chemical Society, LXXX, 5323 (1958).
Skell, P. S., Etter, R. M., and Skovronek, H. S. "Singlet and Triplet States
for Carbene Intermediates," Paper #67, Abstract of Papers, Organic
Division: 135th Ifetional Ifeeting, American Chemical Society, Boston,
April 5-10, 1959.
kl
and Garner, A. Y. "Die Stereochemistry of Carbene-Olefin
Reactions. Reactions of ELbromocarbene with Cis- and Trans-2-Butenes,"
Journal of the American Chemical Society, LKXVIII, 3^09 (1956).
, and Garner, A. Y. "Reactions of Bivalent Carbon Compounds.
Reactivities in Olefin-Dibromoearbene Reactions," Journal of the
American Chemical Society, LXXVIII, 5^30 (1956).
, and Woodworth, R. C. "Bie Stereochemistry, of Radical-Olefin
Addition Reactions. Reactions of Cis- and Trans-2-Butenes with Brom©-
trichloromethane," Journal of the American Chemical Society, IXXVTI,
11-638 (1955).
, and Woodworth, R. C. "Structure of Garbene, CHp," Journal
of the American Chemical Society, LKXVIII, kh96 (1956).
Woodworth, R. C. and SkeH, P. S. "The Reactions of Bivalent Carbon
Species. Addition of Mhalocarbenes to l,39Butadiene," Journal of the
American Chemical Society, IXXIX, 25^2 (1957).
Ziegler, K., Cellert, H., fertin, H., Nagel, K., and Schneider, J. "Ifetal-
lor^nisehe Verbindungen. XEC: Reaktionen der Aluminium-Wasserstoff-
Bindung mit Olefinen," Annalen der Chemie, DLXJKIK, 91 (195^4-).
IMpublished Ifeterial
Letort, M. Private communication to Dr. K. J. Laidler at Catholic
University.
